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Outline

�Molecular Dynamics model
�Sputtering solid-liquid Lithium by He+ ions

� Energy dependence at 10-150 eV
� Temperature dependence for T=50 -700K

�MD of Li sputtering by He bubble splashing
�Bubble splashing model
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Parameters used for this simulation:
εεεε0, mRy   ςςςς0, mRy     p         q      r0, a.u.

Li-Li: 2.4450     23.889     7.75   0.737    5.490
He-He:    0.0694                    14.5                5.61 
Li-He#1: 1.52                        14.5                5.55 
Li-He#2: 2.35                                               3.57

We used the ion-ion potential (1) for Lithium [1]. He-He potential was chosen of a (exp-6) type [2]. 
Li-He potential was obtained by two ways: the Lorentz-Berthelot rule (#1) and from quantum 
mechanics (#2) from [3].

Reference:
[1] Y. Li et al, Phys. Rev. B57 (1998) 15519.
[2] R.A. Aziz et al, JCP 94 (1991) 8047. 
[3] P. Soldan, Chem.Rev.Lett. 343 (2001) 429.

(1)
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Li sputtering Yield vs T,K @10-150eV

0.01

0.1

1

0 100 200 300 400 500 600

Temperature, K

Li
 s

pu
tte

rin
g 

yi
el

d 
(a

to
m

s/
io

n)

MD Yield @ Ei=20eV
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MD Yield @ Ei=10eV
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MD Yield @ Ei=50eV
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Comparison of MD calculations with experiment
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Experiments at different temperatures

Doerner et al, Journal of Nuclear Materials
Volumes 313-316 , March 2003, Pages 383-387 
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MD yield vs T,K, E - parameter
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Li ejected energy: MD vs TRIM, Experiment 
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He bubble splashing model
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Low bubble concentration

• We have calculated ∆∆∆∆G* for an empty cavity but it is 
unknown for a cavity filled with Helium. 

• The parameter ββββD is also unknown – need more work; 

• We also need Db – the bubble diffusion coefficient

For low fluxes (<1 mA/cm2), the bubble sputtering 
yield is negligibly small because the concentration of 
bubbles is small

For high ion fluxes, the bubble sputtering yield gives 
the main contribution to the total yield
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Comparison with experiment
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Bubble Splashing Model

EXP. Bgrambekov et al, 1988

MD (this work)

EXP: <Yb> = 0.3 – 0.4
Begrambekov et al, Translated from 
Atomnaya Energiya 64 (1988) 212-215 

EXP: <Yb> = 0.3 – 0.4
Begrambekov et al, Translated from 
Atomnaya Energiya 64 (1988) 212-215 



11

Pioneering 
Science and
Technology

Office of Science
U.S. Department 

of Energy

MD of He bubble splashing
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� The sputtering yields and energies of Lithium atoms irradiated with He+ 

ions, with energies of 10-150 eV, were calculated by MD method at 
various temperatures below and above the melting temperature and
compared to experimental data

� A simple model of bubble splashing at low bubble concentrations gives a 
reasonable yield  increase with the ion flux increase. To develop this 
model any further we will need to do more simulations of bubble 
formation, the bubble concentrations and the formation energies

� The sputtering yield by the bubble splashing mechanism calculated by 
MD is in excellent agreement with experiment at higher ion fluxes

� We need more understanding on the “new” premelting effect that we 
have found in the simulation of the solid Li close to the melting point


